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@ OLEFIN POLYMERIZATION CATALYST AND PROCESS FOR POLYMERIZING OLERN. 

A process for polymerizing or copolymerizing an olefin in 
the presence of an olefm polymerization catalyst prepared 
from. (A) a compound of a transition metal belonging to the 
<^ group IVB of the periodic table, or (A') a solid catalyst compo- 
nent comprising a compound of a transition metal belonging 
to the group IVB of the periodic table supported on a particu- 
O) late carrier; (B) alumtnoxane; and (C) an organoaluminum 
compound represented by general formula (I); R^mAI(OR^)3- 
m or (11): R^nAllOSiR*3l3-n (wherein R\ R' and R' each repre- 
^ senis a hydrocarbyl group. R^ represents a hydrocarbyl 
^ ~ group, an alkoxy group or an aryloxy group, and m and n 
^ each represents a positive number of 0 <m<3 and 0<n<3). 
The catalyst has an extremely large polymerization activity, 
and enables production of an olefin polymer or copolymer 
hs>.ing a narrow composition distribution, a large bulk den- 
E'T>. and uniform panicle sizes and containing (ess fine 
panicles — .-— — — — - — 
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SPECIFICATION 

TITLE OF THE INVENTION 

Catalyst for Polymerizing an Olefin and P*roccss for 
Polymerizing an Olefin 

TECHNICAL FIELD 

The present invention relates to a catalyst for polymerizing 
of an olefin and a process for polymerizing an olefin by using 
such a catalyst. More specifically, the present invention relates to 
a catalyst and a process for polymerizing a high-molecular weight 
olefin at a high polymerization activity even when the amount of 
expensive aluminoxane included in the catalyst is reduced. 
Further, the present invenrion relates to a catalyst and a process 
for polymerizing an olefin to produce an olefin polymer having a 
narrow molecular-weighi distribution, and an olefin copolymer 
having a narrow composition distribution as well as a narrow 
molecular-weight distribution at a high polymerizarion activity 
when applied to the copolymerization of two or more olefins. Still 
further, the present invention relates to a catalyst and a process 
for polymerizing an olefin to produce an olefin polymer having a 
narrow molecular-weighi distribution, a high bulk density, and 
excellent powder properties. 
BACKGROUND TECHNOLOGY 

8-olefin polymers, particularly ethylene polymer and an 
ethylene-3-olefin copolymer have generally been prepared by a 
known process wherein ethylene is polymerized, or ethylene and 
an 3-olefin are copolymerized under the presence of a titanium- 
based catalyst comprising a titanium compound and an 
organoaluminum compound or a vanadium-based catalyst 
comprising a vanadium compound and an organoaluminum 
compound. 
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Al-0-(Al-0)n-Al 

wherein n is a number of 2 to 40 and R is a Ci-Ce alkyl. 
and a cyclic aluminoxane represented by the formula: 



L(Al(R)-OwJ 



wherein n and R are as described above. There is also disclosed 
that at least 25 million grams of polyethylene may be produced 
per 1 g of transition metal per hour when an olefin is 
polymerized under the presence of a mixture of, for example, 
methylaluminoxane prepared as described above and a 
bis(cyclopentadienyl) compound containing titanium or 



zirconium. 



Japanese Patent Application Kokai 60-35005 discloses a 
process for preparing an olefin-polymerization catalyst 
comprising effecting a reaction between a magnesium compound 
and an aluminoxane compound represented by the formula: 



R^ Ri 
Al-0-(Al-0)n.M 
RO Ri RO 



wherein Rl is a Ci-Cio alkyl radical, and RO may represent Ri or. 
taken together, form -0-; chlorinating the reaction product; and 
treating the product with Ti. V, Zr. or Cr-containing compound to 
produce an olefin-polymerizing catalyst. There is also disclosed 
that said catalyst is pariiculady preferable for copolymerizing 
ethylene with a C3-C12 9-olefin. 
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Japanese Patent Application Kokai No. 60-35006 discloses a 
catalyst system for polymers blended in a reactor which 
comprises a combination of (a) a mono-, di- or tri- 
cyclopentadienyl compound of at least two different transition 
metals, or a derivative thereof, and (b) an aluminoxane. Example 
1 of this application discloses that a polyethylene having a 
number average molecular weight of 15,300, a weight average 
molecular weight of 36,400, and propylene content of 3.4% may 
be prepared by polymerizing ethylene and propylene by using 
bis(pentamethylcyclopentadietnyl)zirconium dimethyl and an 
aluminoxane as catalyst. Example 2 discloses that a blend of 
polyethylene and ethylene-propylene copolymer having a 
number average molecular weight of 2,000, a weight average 
molecular weight of 8,300, and propylene content of 7.1 mol% 
comprising toluene-soluble portion having a number average 
molecular weight of 2,200, a weight average molecular weight of 
11,900, and propylene content of 30 mol% and toluene-insoluble 
portion having a number average molecular weight of 3,000, a 
weight average molecular weight of 7,400, and propylene content 
of 4.8 mol% may be prepared by polymerizing ethylene and 
propylene by using bis(pentamethylcycIopentadienyl)zirconium 
dichloride, bis(methylcyclopentadienyl)zirconium dichloride, and 
an aluminoxane as catalyst. Example 3 discloses a blend of LLDPE 
and ethylene-propylene copolymer comprising a soluble portion 
having a molecular weight distribution (Mw/Mn) of 4.57 and 
propylene content of 20.6 mol%, and an insoluble portion having 
a molecular weight distribution of 3.04 and propylene content of 
2.9 mol%. 

Japanese Patent Application Kokai No. 60-35007 describes a 
process for polymerizing ethylene either alone or together with 
an 3-olefin having at least 3 carbon atoms under the presence of 
a catalyst containing a metallocenc and a cyclic aluminoxane 
represented by the formula: 
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l-(Al(R)-OW 



J 



wherein R is an alkyl radical of 1 to 5 carbon atoms and n is as 
described above. The polymer prepared by such a process has a 
weight average molecular weight of about 500 to about 1,400,000 
and a molecular-weight distribution of 1.5 to 4.0. 

Japanese Patent Application Kokai No. 60-35008 discloses 
that a polyethylene or an cthylene-Cs.io 3-olefin copolymer 
having a wide molecular-weight distribution may be prepared by 
using a catalyst system containing at least two metallocenes and 
an aluminoxane. There is also disclosed that said copolymer has a 
molecular-weight distribution (Mw/KTn) of 2 to 50. 

Japanese Patent Application Kokai Nos. 60-260602 and 60- 
130604 discloses processes for polymerizing an olefin by utilizing 
catalysts comprising a transition metal compound and mixed 
organoaluminum compounds of an aluminoxane and 
organoaluminum compound. These patent applications disclose 
that polymerization activity per unit weight of the transition 
metal can be increased by adding the organoaluminum 
compound. However, these processes suffered from a defect that 
the catalysts required a large amount of expensive aluminoxane, 
and the activity per unit weight of the aluminoxane was still low. 

The catalysts comprising a transition metal compound and 
an aluminoxane as proposed in the above-mentioned '-patent 
applications are provided with a significantly superior 
polymerization activity compared to the conventional catalyst 
systems prepared from a transition metal compound and an 
organoaluminum compound. These catalysts, however, are / 
mostly soluble in the reaction system, and frequently require 
adoption of solution polymerization system, resulting in a 
significantly increased viscosity of the polymerization-system 
solution. Moreover, the polymers produced by subsequently 
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treating with these solution systems have low bulk density, and 
therefore, polymers having excellent powder properties have 
been quite difficult to obtain. 

^^^A^ On the other hand, attempts have been made to polymerize 
an olefin in dispersion or gas-phase polymerization systems by 
using catalysts wherein one or both of said d-ansition m etal 
compound and said al umin ox an _e_are_s upported on a porous 
carrier of an inorganic oxide such as silica, silica-alumina, and 
alumina. 

For example, aforementioned Japanese Patent Application 
Kokai Nos, 60-35006, 60-35007 and 60-35008 disclose that the 
transition metal compound and the aluminoxane supported on a 
carrier such as silica, silica-alumina, and alumina can also be used 
as catalysts. 

Japanese Patent Application Kokai Nos. 60-106808 and 61- 
106809 disclose a process for preparing a composition comprising 
a polyethylene-based polymer and a filler which involves 
preliminarily contacting a high-activity catalyst component 
containing titanium and/or zirconium which is soluble in a 
hydrocarbon solvent with a filler, and then polymerizing ethylene 
or copolymerizing ethylene and an 9-olefin under the presence of 
the thus treated catalyst component, an organoaluminum 
compound, and a filler which has an affinity for a polyolefin. 

Japanese Patent Application Kokai No. 61-31404 discloses a 
process for polymerizing ethylene or copolymerizing ethylene and 
an 3-olefin under the presence of a mixed catalyst comprising a 
transition metal compound and a product obtained by reacting a 
trialkylaluminum and water under the presence of silicon dioxide 
or aluminum oxide. 

Japanese Patent Application Kokai No. 61-276805 discloses a 
process for polymerizing an olefin under the presence of a catalyst 
comprising a reaction mixture between an inorganic oxide 
containing surface hydroxyl radical such as silica and a reaction 
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mixture obtained by reacting a zirconium compound and an 
aluminoxane with a irialkylaluminum. 

Japanese Patent Application Kokai Nos. 61-108610 and 61-^ 
296008 disclose a process for polymerizing an olefin under the 
presence of a catalyst comprising a transition metal compound 
such as a metalloccne and an aluminoxane supported on a earner 

such as an inorganic oxide. 

However, v/hen an olefin is polymerized or copolymerized in 
a dispersion or gas-phase polymerization system by utilizing the 
solid catalyst components supported on a carrier as mentioned 
above, polymerization activity is markedly reduced and the 
properties inherent to the catalyst comprising the transition metal 
compound catalyst component and the aluminoxane catalyst 
component are not fully exerted. Powder properties such as bulk 
density of the thus prepared polymer were also insufficient. 

QTTMMARY OF THE TNVENTION 
An object of the present invention is to provide a catalyst 
which can polymerize an olefin at a high polymerization activity 
per aluminoxane contained in the catalyst and produce a high- 
molecular weight olefin polymer having a narrow molecular- 
weight distribution or a high-molecular weight olefin copolymer, 
particulariy an ethylene-a-olefin copolymer, having both narrow 
molecular-weight distribution and composition distribution when 
used in the copolymerization of two or more olefins. Another 
object of the present invention is to provide a method for 
polymerizing an olefin by using such a catalyst. 

Further object of the present invention is to provide a 
catalyst which can polymerize an olefin at a high polymerization 
activity and produce an olefin polymer having a high bulk 
density and excellent powder properties. A still further object of 
the present invention is to provide a method for polymerizing an 
olefin polymer by using such a catalyst. 
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According to the present invention, there are provided a 
catalyst prepared from 

(A) a transition-metal compound, said transition metal being 
selected from group IVB in the periodic table, 

(B) an aluminoxane, and 

- j (C) an organoaluminum compound represented by the 
general formula fl] or (II] : 

Rln,Al(OR2)3.„ fl] 
R3oAl(OSiR43)3.„ [H] 

wherein Ri. R2, and R3 are selected from hydrocarbon radicals, R4 
IS selected from the group consisting of hydrocarbon, alkoxy, and 
aryloxy radicals, and m and n are a positive number of 0<m<3 and 
0<n<3; and a process for polymerizing an olefin wherein the olefin 
IS polymerized or copolymerized under the presence of said 
catalyst. 

According to the present invention, there are also provided 
a catalyst prepared from 

> (A') a transition-metal compound supported on a fine- 
particle carrier, said transition metal being selected from group 
IVB in the periodic table, 
^ (B) an aluminoxane, and 

(C) an organoaluminum compound represented by the 
general formula [I] or [11]: 

Rln,Al(OR2)3.^ [I] 
R3nAl(OSiR43)3.^ fll] 

wherein Ri, R2, and R3 are selected from hydrocarbon radicals. R4 
IS selected from the group consisting of hydrocarbon, alkoxy, and 
aryloxy radicals, and m and n are a positive number of 0<m<3 and 
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0<n<3; and a process for polymerizing an olefin wherein the olefin 
is polymerized or copolymerized under the presence of said 
catalyst. 

DRTAILED DHSCRIPTION OF THE TNVENTION 

The term polymerization used herein may include not only 
homopolymerization but also copolymerization. Similarly, the 
term polymer may include .both homopolymer and copolymer. 

A catalyst employed in a first embodiment of the present 
invention is prepared from three catalyst components (A). (B) 
and (C). ^p«2tN.*-c^ ~»per> 

A group IVB transition metal contained in the catalyst 
component (A) is selected from the group consisting of titanium, 
zirconium and hafnium. The transition metal contained in the 
catalyst component (A) may preferably be titanium or zirconium, 
and most preferably be zirconium. 

The group IVB transition-metal compound of the catalyst 
component (A) may typically be a zirconium compound having a 
radical containing conjugated v electron as a ligand. 

The zirconium compound having a radical containing 
conjugated ti electron as a ligand is, for example, a compound 
represented by the formula [III]: 

RikR2iR3jnR4„Zr [U\] 

wherein Ri is an unsubstituted or substituted cycloalkadienyl 
radical; R2. R3 and R4 are selected from the group .consisting of 
cycloalkadienyl. aryl, alkyl. cycloalkyl and aralkyl radicals, 
halogen atom! hydrogen, ORa. SRb, NRc2 and PRd2, wherein Ra, Rb, 
Rc and Rd are hydrocarbon radicals selected from the group 
consisting of alkyl, cycloalkyl, aryl and aralkyl radicals or silyl 
radicals, with the proviso that Rc and Rd may, taken together, 
form a ring; k > 1; and k+l+m+n=4. When R2is an cycloalkadienyl 
radical, Ri and R2 may be bonded by an intervening lower 
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alkylene radical. Examples .of the cycloalkadienyl radicals include 
cyclopentadienyl, meihylcyclopentadienyl,' ethylcyclopentadienyl, 
pcntameihylcyclopentadienyl, dimethylcyclopentadienyl, indejiyl, 
tetrahydroindenyl, etc. Examples of the alkyl radicals include 
methyl, ethyl, propyl, isopropyl, butyl, hexyl, octyl, 2-ethylhexyl, 
decyl. oleil, etc. Examples of the aryl radicals include phenyl, 
tolyl, etc. Examples of the aralkyi radicals include benzyl, 
neophyl, etc. Examples of the cycloalkyl radicals include 
cyclopentyl, cyclohexyl, cyclooctyl, norbonyl, bicyclononyl, and an 
alkyl-substituted radical thereof. Examples of the silyl radicals 
include trimethylsilyl, triethylsilyl, phenyldimethylsilyl, 
triphenylsilyl, etc. Unsaturated aliphatic radical such as vinyl, 
allyl, propenyl, isopropenyl, and 1-butenyl, and unsaturated 
cycloaliphatic radicals such as cyclohexenyl may also be 
employed. Examples of the halogen atoms include flijorine, 
chlorine, bromine, etc. Examples of the lower alkylene radicals 
include methylene, ethylene, propylene, butylene, etc. 

Examples of the zirconium compounds include: 

bis(cyclopentadienyI)zirconium monochloride monohydride; 

bis(cyclopentadienyl)zirconium monobromide monohydride; 

bis(cyclopentadienyl)methylzirconium hydride; 

bis(cyclopentadienyl)ethylzirconium hydride; 

bis(cyclopentadienyl)cyclohexylzirconium hydride; 

bis(cyclopentadienyl)phenylzirconium hydride; 

bis(cyclopentadienyl)benzylzirconium hydride; 

bis(cyclopentadienyl)neopentylzirconium hydride; 

bis(methylcycIopentadienyl)zirconium monochloride 
monohydride; 

bis(indenyl)zirconium monochloride monohydride; 
bis(cyclopentadienyl)zirconium dichloride; 
bis(cyclopentadienyl)zirconium dibromide; 
bis(cycIopentadienyl)methylzirconium monochloride; 
bis(cyclopentadienyl)ethyl zirconium monochloride; 
bis(cyclopentadienyl)cyclohexyl zirconium monochloride; 
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bis(cy elope ntadienyl)phenyl zircon iu ID monochloride; 
bis(cyclopenladienyl)benzylzirconium monochloride; 
bis(methylcyclopentadienyl)zirconium dichloridc; 
bis(letramethylcyclopentadienyl)2irconium dichloride; 
bis(indenyl)zirconium dichloride; 
bis(indenyl)zirconium dibromide; 
bis(cyclopentadienyl)zirconium diphenyl; 
bis(cyclopenladienyl)zirconium dibenzyl; 
bis(cyclopentadienyl)methoxyzirconium chloride; 
bis(cyclopenladienyl)methoxy zirconium chloride; 
bis(cyclopenladienyl)eihoxy zirconium chloride; 
bis(cyclopentadienyl)butoxy zirconium chloride; 
bis(cyclopentadienyl)-2-ethylhexoxy zirconium chloride; 
bis(cyclopeniadienyl)methyl zirconium eth oxide; 
bis(cyclopentadienyl)methylzirconium butoxide; 
bis(cyclopentadienyl)ethylzirconium ethoxide; 
bis(cyclopentadienyl)phenylzirconium ethoxide; 
bis (cyclopentadienyl)benzyl zirconium ethoxide; 
bis(methylcyclopentadienyl)ethoxy zirconium chloride; 
bis(indenylethoxy)zirconium chloride; 
bis (cycl open tad ienyl)ethoxy zirconium chloride; 
bis (cyclopen tad ienyl)butoxy zirconium chloride; 
bi s(cyclopentadienyl)-2-ethylhex ox y zirconium chloride; 
bis (cyclopentadienyl)ph en oxy zirconium chloride; 
bis(cyclopeniadienyl)cyclohexoxy zirconium chloride; 
bis(cyclopentadienyl)phenylmeth oxy zirconium chloride; 
bis(cyclopentadienyl)methyl zirconium phenyl meth oxide; 
bis(cyclopentadienyl)trimethylsiloxy zirconium chloride; 
bis(cyclopentadienyl)triphenylsil oxy zirconium chloride; 
bis(cyclopentadienyl)thiophenylzirconium chloride; 
bis(cyclopentadienyl)thioethylzirconium chloride; 
bis(cyclopentadienyl)bis(dimethylamide)zirconium; 
bis(cyclopentadienyl)diethylamide zirconium chloride; 
ethylenebis(indenyl)elhoxy zirconium chloride; 
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ethylenebis(indenyl)dimethylzirconium; 
ethylenebis(indenyI)diethyl2irconium; 
ethylenebis(indenyI)diphenylzirconium; 
ethyIenebis(indenyl)dibcn2ylzirconium; 
ethylenebis(indcnyI)methyl2irconium monobromidc; 
ethylenebis(indenyl)ethylzirconium monochloride; 
ethylenebis(indenyl)benzyl2irconium monochloride; 
ethyIenebis(indenyl)methylzirconium monochloride'; 
ethylenebis(indenyI)2irconium dichloride; 
ethyIenebis(indenyl)2irconium dibromide; 

ethylenebis(4.5.6,7-tetrahydro-l,indenyl)dimethyI- 
zirconium; 

ethylenebis(4.5,6,7-tetrahydro-l-indenyl)methyl- 
zirconium monochloride; 

ethyIenebis(4,5,6,7-tetrahydro-l-indenyl)2irconium 
dichloride; 

ethylenebis(4.5.6,7-tetrahydro-l-indenyl)2irconium 
dibromide; 

ethylenebis(4-methyI-l-indenyl)2irconium dichloride; 
ethylenebis(5-methyl-l-indenyl)zirconium dichloride;' 
ethylenebis(6-methyl-l-indenyl)2irconium dichloride;' 
ethylenebis(7-methyl-l -indenyI)zirconium dichloride;' 
ethylenebis(5-methoxy-l-indenyl)2irconium dichloride; 
ethylenebis(2.3-dimethyl-l-indenyl)2irconium dichloride; 
ethylenebis(4.7-dimethyl-l-indenyl)zirconium dichloride;' 
ethylenebis(4.7-dimethoxy-l-indenyl)2irconium dichloride; 
ethylenebis(indenyl)2irconium dimethoxide; 
ethyIenebis(indenyl)2irconium diethoxide; 
ethylenebis(indenyl)methoxy2irconium chloride; 
ethylenebis(indenyl)ethoxyzirconium chloride; 
ethylenebis(indenyl)methylzirconium ethoxide; 
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eihylenebis(4,5,6.7-tetrahydro-l-indenyl)zirconium 
dimethoxide; 

eihylenebis(4,5.6.7-tetrahydro-l-indenyl)zirconium 
ethoxide; 

ethylenebis(4,5,6,7-tetrahydro-l-indenyl)methoxy- 

zirconium chloride; 

ethylenebis(4,5,6,7-tetrahydro-l-indenyl)cthoxy- 

zirconium chloride; and 

eihylenebis(4,5.6,7-tetrahydro-l-indenyl)niethyl- 

zirconium ethoxide. 

Examples of the titanium compound include: 
bis(cyclopeniadienyl)titanium monochloride monohalide; 
bis(cyclopentadienyl)methyltitanium hydride; 
bis(cyclopentadienyl)phenyltitanium chloride; 
bis(cyclopentadienyl)benzyltitanium chloride; 
bis(cyclopentadienyl)titanium dichloride; 
bis(cyclopentadienyl)titanium dibenzyl; 
bis(cyclopentadienyl)ethoxy titanium chloride; 
bis(cyclopentadienyl)butoxy titanium chloride; 

bis(cyclopentadienyl)methyltitanium ethoxide; 

bis(cyclopentadienyl)phenoxytitanium chloride; 

bis(cyclopentadienyl)trimethylsiloxytitanium chloride; 

bis(cyclopentadienyl)thiophenyltitanium chloride; 

bis(cyclopentadienyl)bis(dimethylamide)titanium; 

bis(cyclopentadienyl)diethoxytitanium; 

ethylenebis(indenyl)titanium dichloride; and" 
ethylenebis(4,5,6,7-tetrahydro-l-indenyl)titanium 

dichloride. 

Examples of the hafnium compound include: 
bis(cyclopentadicnyl)hafnium monochloride monohydride; 
bis(cyclopentadienyl)ethylhafnium hydride; 
bis(cyclopentadienyl)phenylhafnium chloride; 
bis(cyclopentadienyl)hafnium dichloride; 
bis(cyclopentadienyl)hafnium dibenzyl; 
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bis(cycIopentadienyl)ethoxyhafniu'm chloride; 
bis(cycIopentadienyl)butoxyhafnium chloride; 
bis(cycIopentadienyl)methylhafnium ethoxide; 
bis(cyclopentadienyl)phenoxyhafnium chloride; 
bis(cyclopentadienyl)thiophenylhafnium chloride; 
bis(cyclopentadienyl)bis(diethylamide)hafnium; 
ethylenebis(indenyl)hafnium dichloride; and 

ethylenebis(4,5.6,7-tetrahydro-l-indenyI)hafnium 
dichloride. 

The catalyst component (B) is an aluminoxane. 
The aluminoxane which can be used herein may be 
represented by the formulae [VII] and [VIIIJ: 

R2Al-(0-^l)„-0-AlR2 p/n] 
R 



(0-Ai)m+2— I [vmj 

R 

wherein R is a hydrocarbon radical selected from the group 
consisting of methyl, ethyl, n-propyl. isopropyl, n-butyl, and 
isobutyl, preferably methyl, ethyl, or isobutyl. and most 
preferably methyl; and m is an integer of at least 2, and 
preferably at least 5. 

The aluminoxane of formulae [VII] and [VIII] may be a 
halogenated aluminoxane wherein R may partiy be substituted 
with a halogen atom such as chlorine and bromine with the 
proviso that the halogen content is up to 40% by weight. R may 
also partly be hydroxyl, alkoxy and/or aryloxy radical. 

Typical processes for preparing said aluminoxane include: 
(1) a process comprising preparing a hydrocarbon medium 
suspension of a compound containing adsorbed water or a salt 
containing water of crystallization such as hydrated magnesium 
chloride, hydrated copper sulfate, hydrated aluminum sulfate. 
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hydraied nickel sulfate, and hydrated cerous chloride; and adding 
a trialkylaluminum into said suspension for reaction; and 
(2) a process wherein water is directly reacted with a 
trialkylaluminum in a medium such as benzene, toluene, 
ethylether, and tetrahydrofuran. 

Among these processes, process (1) is more prefcr;able. A 
small amount of organometallic component may also be contained 
in the aluminoxane. For example, an organometallic compound 
such as a halogen-containing organoaluminum compound and 
organomagnesium compound may also be present with the 
trialkylaluminum. 

The component (C) of the catalyst according to the present 
invention is an organoaluminum compound represented by the 
general formulae [I] and [II]: 

RlniAl(OR2)3.^ [I] 

R3^Al(OSiR43)3.n [U] 

wherein Ri, R2, and R3 are selected from hydrocarbons, R4 is 
selected from the group consisting of hydrocarbon, alkoxy, and 
ar>'loxy radicals, and m and n are 0<m<3 and 0<n<3. In the 
organoaluminum compound represented by the general formulae 
[I] and [II], Ri, R2, and R3 may typically be a linear or branched, 
saturated or unsaturated, aliphatic hydrocarbon radical having 1 
to 10 carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n- 
butyl, t-butyl, sec-butyl, isobutyl, n-hexyl, n-octyl, and 2- 
ethylhexyl; an aliphatic hydrocarbon radical having 4 to 10 
carbon atoms such as cyclohexane, methylcyclopcntyl, and 
methylcyclohexyl; or an aromatic hydrocarbon radical having 6 to 
16 carbon atoms such as phenyl, tolyl, xylyl, and naphtyl. In the 
organoaluminum compound represented by the general formulae 
[I] and [II], Ri and R3 may preferably be a branched hydrocarbon 
radical, and most preferably be a branched alkyl radical. R2 may 
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most preferably be methyl radical. In the organoaluminum 
compound represented by the general formula [IIJ, Ri may . 
typically be an aliphatic hydrocarbon radical having 1 to 10 
carbon atoms such as methyl, ethyl, propyl, isopropyl. n-butyl. 
and isobuiyl; an alicyclic hydrocarbon radical having 4 to 10 * 
carbon atoms such as cyclohexyl, methylcyclopentyl. and 
mcthylcyclohexyl; an aromatic hydrocarbon radical having 6 to 
16 carbon atoms such as phenyl, tolyl, xylyl. and naphtyl; an 
alkoxy radical having 4 to 10 carbon atoms such as methoxy, 
ethoxy, propoxy, butoxy, iso-butoxy, cyclohexyl, methvlcyclo- 
pentyloxy, and methylcyclohexyloxy; and an aryloxy radical such 
as phenoxy. tolyloxy. and naphtoxy. In the formula [I], m may be 
a positive number of 0<m<3, preferably a positive number of 
l<n<2.5 , and most preferably m=2. In the formula [II]. n may be 
a positive number of 0<n<3, preferably be a positive number of 
l<n<2.5 , and most preferably be n=2. 

Typical organoaluminum compounds (C) represented by the 
general formula [I] include dialkylaluminum alkoxides such as 
diethylaluminum methoxide, diisopropylaluminum methoxide, 
diisobutylaluminum methoxide. diisobutylaluminum methoxide, 
bis(2-methylbutyl)aluminum methoxide, bis(3- 
methylbutyDaluminum methoxide. bis(3-methylbutyl)aluminum 
methoxide. bis(2-methylpentyl)aluminum methoxide, bis(3- 
inethylpentyl)aluminum ethoxide, bis(4-methylpentyl)aluminum 
propoxide. bis(2-methylhexyl)aluminum butoxide, and bis(3- 
methylhexyl)aluminum cyclohexyloxide; dicycloalkylaluminum 
alkoxides such as bis(2-ethylhexyl)aluminum phenoxide. and 
dicyclohexylaluminum methoxide; bisarylaluminum alkoxides 
such as diphenylaluminum methoxide and bistolylaluminum 
methoxide; alkylaluminum dialkoxides such as ethylaluminum 
dimethoxide, isopropylaluminum dimethoxide, isobuiylaluminum 
diethoxide. 2-methylbutylaluminum dimethoxide, 3- 
mwhylbutylaluminum dimethoxide. 3-methylbutylaluminum 
dimethoxide, 2-methylpentylaluminum dimethoxide. 3- 
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melhylpentyl aluminum dimethoxide, 4-melhylpentylaluminum 
dimethoxide, 2-methylhexylaluminum dipropoxidc, 3- 
methylhexylaluminum dicyclohexyloxidc, and 2- 
ethylhexylaluminum diphenoxide; cycloalkylaluminum alkoxides 
such as cyclohexylaluminum dimethoxide and 
cyclooctylaluminum diethoxide; arylaluminum alkoxides such as 
phenylaluminum methoxide and tolylaluminum cthoxide; and 
alkylaluminum sesquialkoxides wherein the number m equals 1,5 
in the above-mentioned organoaluminum compounds. Among 
these organoaluminum compounds, dialkylaluminum alkoxides 
are preferred, and diisoalkylaluminum alkoxides are most 
preferred. 

Typical organoaluminum compound (C) represented by the 
general formula [IT] include: 
Et2Al-0-Si-(OMe)3, 
isoPr2Al-0-Si-(OEt)3, 
isoBu2Al-0-Si-(OMe)3, 
isoBu2Al-0-Si-(OEt)3, 
isoBu2Al-0-Si-(0 n-Bu)3, 
isoBu2Al-0-Si-(0 n-Hexyl)3, 
isoOctyl2Al-0-Si-(OEt)3, 
isoBu2Al-0-SiMe3, 
isoBu2Al-0-SiEt3, 

isoBu2Al-0-SiPh3 etc. — — 

The organoaluminum compo>und^(C) nril^ added to the^ 
^(^action system as ravT^cgmpmind^ prod uc^^ 
the organoaluminum compound^(C) in the reaction system. 

In the process-acccJrding to the present invention, the 
catalyst is generally prepared from the transition-metal 
compound (A), the aluminoxane (B), and the organoaluminum 
compound (C), although any additional components such as an 
-^ electron donor may optionally be added to the reaction system, 
^he electron donor component may be supplied to the 
polymerization reaction system either directly "with the 
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transition-metal compound (A), the aluminbxane (B), and the 
organoaluminum compound (C), or as a complex or a reaction 
product with any of the components (A), (B) and (C). Exemplary 
electron donors include carboxylic acids, esters, ethers, ketones, 
aldehydes, alcohols, phenols, acid amides, oxygen-containing 
compounds such as those containing a metal-O-C bond, the metal 
being aluminum, silicon, etc., nitriles, amines, phosphines, etc. 
The proportion of the electron donor may generally be from 0 to 
1 mole per 1 gram atom of the transition metal electron (M). 

In the process according to the present invention, catalyst 
^ components (A), JB}^^and (C) may either_be_iiLtrQduced^^ the 
V. reaction system separately, or two of the components may 
^l^prelimihary be contacted before introd^LTcing ^Tnto[jhe^ 

system separately from the remaining one component. Further, 
all three components may preliminarily be contacted and then 
introduced into the reaction system. 

When catalyst components (A) and (B) are subjected to the 
preliminary contact process, the concentration of the transition 
metal is generally in the range of 2.5 x 10-4 to 1.5 x lO-i gram 
atoms/liter, and preferably 5.0 x 10-4 to 1.0 x lO-i gram 
atoms/liter, and the concentration of the aluminoxane is 
generally in the range of from 0.05 to 5 gram atoms/liter and 
preferably from 0.1 to 3 gram atoms/liter calculated as 
aluminum atom. The temperature of the preliminary contact 
treatment is generally -50 to 100°C, and the mixing time is 
generally 0.1 to 50 minutes. ^<^^^r^^ -nr^ 

A catalyst employed in a second embodiment of the present 
invention is prepared from a solid catalyst component (A'), and 
: catalyst components (B) and (C). 

The solid catalyst component (A') used in the method of the 
"^present invention is a solid component wherein at least a group 
t TVB transition metal compound is loaded on a fine-particle 
^carrier. Most preferably, the solid catalyst component is a fine- 
particle carrier loaded with the group IVB transition metal 
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compound as well as the aluminoxane component (B) to allow a 
production" of can excellent olefin polymer having a high bulk . > 
density -and -good powder properties at an improved . .ar;. j 
polymerization "' activity, Ca ; , ^ ^ .^ >!l :,- ' v w 

{ i The' carrier constituting the ^solid catalyst, component ^A*) is 
a fine-particle carrier which may be cither , inorganic -or organic. -oo 
Examples ^ of the inorganic fine-particle carriers include m 8102;') 
Al203;'MgO;^Zr02; TiOi B2O3, GaO/ZnO,Th02, etc. and .mixtures or^ 
thereof such as Si02-MgO, Si02-Al203, Si02-Ti02, SiC)2-V205, :Si02.-:oo 
Cr2037fSi02-Ti02-MgO,ietc.v These inorganic fine-particle carficrs 
are genefallyrrcalcinedl af!150 to lOOO^^C, and preferably at^^Oito-.q 
SOO^Cn ^Among these^ .carriers,! a carrier primarily comprising^at.nii: 
least one componeritLselccted from the group consisting, of SiQ^ ^i^l^ 
v:and AI2O3 is preferred:; The inorganic fine-particle, carrier jnayqcy j 
^5:^ also contain i aominor. amount. iof carbonate such as Na2G03, K2G03inib 
CaC03/and Mgc63, silfates^ BaSg»4;n:o 
" nitrates such; asTKNOsJ i Mg(N03)2, jand Al(N03)3, t)xides ^ such i aS^ i v :l I r. J 
\ J^a20,^20; and^ 

may haven different :)diarneters;; depending on^ the typo 1 and prpcesss 
of 'manufacture; - thc£diameter of the- carrier awhich is / preferably opi 
utili^d^in ^ the>tpfes'ent: dnvention is 1 jgencrally ^ ?5 - to 200. jun.v and :ilju 
preferably 1 0^ tp \ \5^^vy^j^^ V^^^l^y^J^J^^Jjl ^l^^iH ' ^ 

^ vfEkamples -of nthe lOrganic - fine-particle rjcarriers include Mitrr.i fa 
j polyolefins^isuch. as ^polyethylene, ipolypropylcne, polyj(l-butene).;2 

! poly(4-methylcl-pentene) Land those prepared by i^copolymerizing^ 

' thei inonomers - employed for producing such polyolefins; J: r : m 

polyesters ^ such as ^poiymethyl OTethacrylate, and polymethyb ^ o 
acrylate; polyamidcs;;. poly vinyl chlorides; polystjrene; natural. 
high polymers ;ej and monomer compounds. . Although the . q 
properties of the carrier may vary, depending on . the type/ and the 
process^<^of manufacture/ the carrier which is preferably used in r 
the present invention may have a diameter of 5 to 200.p.roi' ^ 
preferably 10 to 150 p.m, and ^norc preferably 20 to 100i|im. - 
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. The'. carrier may have" any molecular, weight so long as the 
carrier can7 remain- a solid material. For example,- a polyester 
carrier which may l)Cfemployed herein has a weight average* \ 
molecular weight of from about 1,000 to about 10/X)0.000.-^ 

^ '"- ' The Jfine^particl&f carrierbmay be subjected to ^ -prcliiiiinary 
\ contactB^reatmentnwjthr. compounds such asi an organoalnminumr^ . 
i-my - compSundtifalnmindxane:: compound or, halogen-contaimngiisilane 

compoinMJpnorf>rto.the.rIdaaingr6f the grou^ IVB tral^ 
comi^diftidiCbrifo-'tliS .cattierOie - >^^-r ,0;. \ -'0\l zs rio:;2 To.' : ru 
?T5ThcD ofganoalurainumspompounds which- mky rbc'l\isc42in -theD 
prelimitfa^y contact Treatment" include trialkylaluminurasf;' such , as - 
trimcthylarttimiiiTJm/IntriethylalTiminum, tri-n-bntyialumiiinm,^- 0^ 
triisaFutVlaliimihtim.tofttc:; alkcnylaluminums such : 
isopxenylaluminum;f' dialkyIaluminum' alkoxidesr such as Or 
' ' ^ v= - < . <Iini^3'Jaluniinijj|i>r nietfaoxide, . . diethylaluminmnroctho^dc, a c : <-.\^^ 
dibu^IaKrfiiinum'-<butt3kidc; diisobutyialuminrim ra^ ,etc::i,3 

• alkylalunliimmafscsqui&Ucoxides such:':a's^;TiifethylaIulTUjiiiinL ?^/£TJf^ 
sesqiiifflethoxide.-TictKylaiumirium sesquiethoxidc^ Lctt.^ partially 
alko>^^tddi£ialkylsilurffiniims;nfaiavingL^ average compositidn; ^ r, /Brn 
repressfent(5dT«by2ihe:if6rmular!R'2:5Al(OR;")o[$;:. partially idialogcnatedo 
" alkylalumiHumi7 for?.example;:dialkyJaluminum -halrdesfjsuch^ ^sff^tu 

dimethylSTiihiin^mt chloride; 'Tdiethylaiuminum chloridij; /i^:75i57q 
dimethyliltmiihum^i bromide,i-etc.; . alkyljduminuntosesqpihalides 
sufeh^^ascf-methylalnmihum -se'squichloridev fethylalurhinamincfov.Vq 
sesqiiicHo^fide^octcr, andr alkylaluminum dihalidcs ^uch as, tt - - 
methylaluminum odichloridc, cthylaluminum r dichloride, etc.- o -The 'j 
organbalumitj'um fcompound may ^jreferably be trialkylaluminum^ 
dialkylaluminumT chloride, and dialkylaluminom .alkoxidc, and 'To^" 
most preferably, L'bc'f ^methylaluminum, triethylaluminnm,. rW-A 
triisobutylalnmiilumv xiimethylaluminum chloride, . jraqoTq 
diethylaIumiridm'9k;hIoride, and diisobutylaluminum methoxide, .t j 
The aluminbxaneJ compound which may be used in the \ \ - J 
prcliminar^I contact ti-eatmcnl of the' fine-particle carrier is the 
one represented by the general formulae [IV]~and [V]: 
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R^5 ^5 

yVl.(0-Al),(0-Al)bO-Al [IV] 
R6 R5 X R6 

- ' ' ■ - ^ c. ; ^ , ; ' , . , ' ■ , 



.(o-Ai)3(o.i\i)b-J — m 



wBcrcih 'HS is % 'hydrocarbon xadical such as methyl,; ethyl, Qjropyl, 
butyl, and preferably ? -methyl or ethyl, and most,, :preferably 
methyl; arid X ' is 'a ^halogen atcon such as r^chlorine; and . bropiipci gR,6 
is cithcf - the ' hydrocarbon radical of or a halogen .^jom as 
defined ab6Ve; a is a number , of 0 to 80, and preferably :,froiT>iPii,to 
30; b is a number of 0 to 80, and preferably from 0 to 30;^andnth^ 
sum of a and : b 'is from 4 to 100, preferably fronin^,, tp^ 50jrncIP 
general fortnula'er [IV] and TVl,^nffiiits -(O r<Q-Aj)- jpayn.o 

either be - ■ ^ _ erfT 

block-polymerized; or^tegularly or irregularly rrrandom-^^ -on:. 
polymeri2^ed; , f : iCi. , ; - t:^:- lefT^so 

^ Thc^ halogen-containing silane compound , >vhich may be 
used in the preliminary: contact treatment of the fine-particle- 
carrier is^ an 'organoaluminum compound represented, by thcj 
general "formula 'tVI]:V:^' : r , rr : 'A rj-^-^ 

' - ' SiX^R7e(OR8)(4^^) [VI] : 

wherein X is CI or Br, R7 and R8 are hydrogen atom or Ci,i2 ^Ikyl, 
aryl, or C3.12 cycloalkyl, c is a number of 1 to 4, d is a number of 
1 to 3,' and the sum of c.and d is 1 to 4. : , * - t 

Examples ''of the ^ halogen-containing silane compounder; . :^ 
include tetrachl6t-osilane, tetrabromosilane, trichlorosilane, 
Irichloromethylsilanc, • trichlorocthylsilanc, trichloropropylsilanc^ 
trichlorophenylsilanc, ^ trichlorocyclohexylsilanev tribromosilane,. 



0214797 



-22- 

tribromocthylsilane, dichlorodimelhylsilanc, 
dichloromcihylsilanc, dichlorophenylsilanc, 
trichloromcthoxysilanc, trichlorocthoxysilanc, 
trichloropropoxysilanc, trichlorophcnoxysilaiic, > 
tribromocthoxysilanc, dichloromcthoxysilanc, dichlorodimcthoxy- 
silane, trichlorosilanol, etc. A mixture of any of these silane 
compounds may also be citilizcd. Preferred silane. compounds arc 
tetrachlorosilanc, trichlorosilane, and trichloromethy^silane. 
.^<qoiq)the^j*ofrtpoundsx which Imay. be rutilizc47in £thc preliminaQ^ 
tbntafel^lfeafmeat of -the' fine-particle: .carrier'; includ^^ ^ ^ K j u d 
brgahbbOfdi, -organomagnesiuin,< organotin,j:organoiiftiurn. etCr,^., 

TToift thecpreliminary /contact treatment lof the^ fine.-particle 
'ciarrtcfi<^thf thtp:or^anometallic compound or the ^ilaijecj^ 5 f^'^'^^b 
co'n^pJburid;- aihobnt of jthe organomctallic compound npr, the silane 
x:omjii)una^e?nployed Vfiay 'r^ 0.01 , to 50,h prcjferably frqip 

0.05'^fo -3t)^-5ily hiost - preferably 'ifronv' O.lr to ' 20 niiHigi^m atoms g 
calculated as metal atom per gram of the fine-particle carrier. 
The treatment is carried out by adding at least one 3^' 
organometal^G^e^)'mpollrid3or silane compound to jihe i^inexparticlp 
carrier dispersed in an inert medium, and the disper$ipp_ JsiT^ioq 
heatfid tb^® temperature 'in the range of from oO io^lZQ''Q,^T 
preferably IfrorA 10 ioj lOO^C, and -more preferably ifrorp 20 lo^^^^ 
90^0 for Va- timferrperiod^ of Tfrom: 10 minuteSiio 10: Jioujs,^ preferably 
from 20 minutes to 5 hours, and more preferably rff'Om. SOs^-r^^ 
minutes to 3 hours at ambient, reduced or elevated pressure. 

The group IVB transitioa metal included, in the solid 
catalyst component [A'] is a metal selected from the group 
consisting^fc titanium; zirconium and hafnium. The ^ transition 
metal incHuyed in the solid catalyst component (A'l may ^ . - 
preferably be titanium or 'zirconium, and more prcferablyf 
zirconiifm in" the second embodiment of ^ the present ; invention. 

ExdmplesJiDf the group IVB ^transition metal compound 
<:bh taincd in cth^ ? solid catalyst component [A'] include zirconium, 
titaniiim and hafnium compounds having a ligand including 
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conjugatcd v electron as described for the catalyst component [A] 
in . the second embodiment of the present invention. 
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' The group IVB transition metal compounds may be loaded 
on said finc-particle carrier by allowing functional radicals on the 
surface of the fine-particle carrier to react with said transiUon 
metal compound; contacting said fine-particle carrier with said 
transition metal compound after an optional preliminary contact 
treatment of the carrier with the aforementioned 
organoaluminum compound, aluminoxane compound or halogen- 
containing silane compound; contacting the fine-particle carrier 
with the transition metal compound in an inert hydrocarbon - 
medium, and evaporating the hydrocarbon medium to precipitate 
the transition metal compound onto the carrier; contacting the 
fine-particle carrier with the aluminoxane in an inert hydrocarbon 
medium, preparing an aluminoxane-Ioaded fine-particle carrier 
by evaporating said medium or by adding a solvent to which the 
aluminoxane is cither insoluble or hardly soluble to precipitate 
the aluminoxane onto the carrier, and contacting the transition 
metal compound with the aluminoxane-Ioaded fine-particle 
carrier to precipitate the transition metal compound onto the 
carrier; contacting the fine-particle carrier with the transition 
metal compound in an inert hydrocarbon medium, and 
evaporating the hydrocarbon meSium to precipitate the transition" 
metal compound onto the carrier; and contacting the fine-particle 
carrier with the transition metal compound in an inert 
hydrocarbon medium, and precipitating the transition metal 
compound onto the fine-particle carrier by adding a solvent to 
which the aluminoxane is either insoluble or hardly soluble. 

The catalyst component (B) is the same 'as the catalyst 
component (B) as set forth in the first embodiment of the present 
invention. 

In the practice of the present invention, the aluminoxane (B) 
may be supplied to the polymerization reaction system by method 
as set forth below. 

(1) The solid catalyst component (A') is not loaded with the 
aluminoxane. The solid catalyst component (A') and the" 
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aluminoxane (B) are independently supplied to the polymerization 
reaction system. - • 

(2) The solid catalj^ component (A') is the finc-parficlc • 
carrier loaded wiifi the group IVB transition metal compound and 
the ^unriinoxane (B). The solid catalyst component is supplied to 
the polyiperization reaction system.^ ' ^■ 
, j^^^(3) The solid catal (A*) is diat'^bf (2)^^1116 'solid 

catsJyst cqmi^^^ supplied to Thfc ^lyiTiimiaHon^Jeaetion 

systeni together with the' afuminoxaiie (B^l /^'clIu2 

.The solid catalyst- component (A') comprising the 
particle carrief loaded wii^i the group IVB'^ trairsinon'^'m^Up 



compound and the^'aluminoxaine ^(B)^iTiay bi^ prepared ^ bj? fiicr * 
following processes (a) through (d) disclosed inf*^apanWe"^*at6^ 



particle carrier loaded wifli the group 

iay bi^ prepared ^ bj? 

? - "^Pat6nt 

Application Nos, 61-311286 and 61-311287. ' (a) An -olefin-^'- ^ 
polymerizing solid cataly^ 'may be prepared by ' tonta6ting- 
suspension of ?he finc-particle carrier dispersed in the*- '^^^ 
aluniinoxane^^solulfori wd^ Solvent to wfiich the alurriSoxane is 
eiAer ^soluble ''o/ hardly js to produfce an alumirffixStife- 

Joa^ed fine-particle "caraCT, arid contacting^ ^aid^uraim>x5^^ 
loaded fine-particle carrier with the transition metal ^confipouikJ to 
produce ^a sjolid comj^ ^-"^nucqn M, 

Specifically, the oli^n-polymerizing soUd cataly^^inaj^ be 
prepared by adding the solvent to which the aluniinojtanc'is » 
either insoluble or liardly soluble to the suspchsion^Sofiipriising 
the aluminoxanc solution 'and the fine-particle ^carrier ^tb 
precipitate the aluminoxanc onto' the fini'-partrcle cdrricr^'^hd 
form the aluminoxanc-loaded fine-particle 'carrier; and comacting 
the suspension comprising the aluminoxane-loaded carrier and 
the ^olvcnt to which the" aluminoxanc is *^feither insoluble 6? hardly 
soluble with the solutioii of the group IVB transition metal 
compound to load the 'catalyst-component transition metal ' 
compound onto Ihe aluminoxane-Ioaded carrier.' The aluminoxanc 
may also be precipitated by adding said suspension comprising 
the aluminoxane solution and the carrier to the solvent -to which 
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the aluminoxanc is either insoluble or hardly soluble. The 
aluminoxane , precipitation may also be promoted by evaporating 
^ , off^ the- solvent u^ed to dissolve the aluminoxane from said mixed 
^^uspc^nsion, . \^ r . - - ' 

In the step of contacting the suspension comprising tJie 
T^.;i^alurpjnoxa^r^e*^^olution and ,thc. .,flne-particlc carrier with the 
jsp^vcnt^to^AV^^^ cithCT insoluble or hardly 

soluble, the proportion oOf the solvent to, which the; aluminoxane is 
either, jinsplublc or. harjdiy be m the range of 

from^ip^to. i^^QQO parte by .w^ and preferably from 100 to 
1,(X)Q iiarts Jl^y weight based on 100 j)arts . by weight of the ^ 
alu£T\inoxane^oly,tion.^^ contact treatment is generally 'carried 

out with ^^agi\ation at a temperature of from -liOO^Q to 300°C, 
prcfejrably^.from -50!'C to lOO^^C, and more preferably .from •SO'^C 

to 50®C ^ ^: - ."--r - -ViV.. 

a: ^as>oTfr)^< ?J^^?}fP9^f^^ solution^ is prepared at least frona^. the, 
aluminoxane , and the - solvent capable of dissolving the ' , 
aluminpxa,ne(,^s^ mentioned above. The aluminoxane solution may 
:.^uO^^^J9<^d.,by^ both compounds, or b}^ 

compounds under heating. The solvent included^ in the 
^.aluniino^ane- solutio^ may jgenerally^^be, fro 0.1 to^^SO liters, 
prefe^a^ly^^rjcjm^O.l:^^^^^ preferably from 0.3 to 

2 liters ,per^,l gram .of aluminum r in the sduminoxanp. 

^Thf^, amount of the finc-particle carrier employed in the 
suspenjjion , of .-the finc-particle, carrier into the alununoxane 
; ; solutipn;^ m^ range of from 1 to 500 g, 

preferably, from 10 to 200 g, and more preferably from 20 to 100 
/II g per liter of the ^alununoxane solution., 

f^,Jn, the step of contacting , the susjpcnsion of the aluminoxane- 
loaded.(,9arricr vvith the transition metal compound, the transition 
^.y mctsd . compound may be used in an amount of from 0.0005 to 1 
gram atpm, preferably from 0.001 to 0.1 gram atom, and more 
preferably from 0.002 . to 0.04 gram atom per 1 gram of aluminum 
of the solid aluminoxanc in the suspension. 



t27- 

This contact treatment may generally be carried out with 
agitation at a temperature in the range of from -SO^'G to .200*'C. 
preferably form -lO^'C to lOO^^C, and more prcferably-from^riO'^G 

to SO'^C ' : r: ' - . . rr ^-£.A - V 

' The solution 'bf the transition metal compound is prepared 3t 
least from the ^transition metal compound and the; ^lvcntvtls,ed to 
dissolve the - transition metal xx>mponnd as mentioned aboyejj.vThe 
solution of Ihe^- transition metal may be obtained by) simply jnuxing 
both compotiriBs, wby mixing : both compounds undertAeating^^ _ 
The solvent ' included ^in the solution of the transition mctaha::^jz: 
compound^ rnay generally be Ifrom.^l to SOOCliters; pfeferably^-rfrom 
2 to 200 liters, and more preferably from S- to :1 00 /liters -pc/ -io n 
grani atom U3f the transition metal compounds jy'huio. *rfT 

(b)^An olefin-polymeri2ing"^olid: catalyst may be .-prepared 
by. contacting a suspension : <)r the :fine-particIeo camera dispersed 
into ab solution of the aluihinoxane and the group IVBot^ansiUon ': ' 
metal with the; solvent^ too\rfuch the^^lumirioxane:risaeitbet)3fl?ir:5o 
insblnble Or' hardly soluble rto produce a :sdlid;Hcomponent.ii/oq- : 

Specif icilly, the lolefin-pdlymerizing solid catalysjti way be- 
prepared by /adding iihe solvent to: which the:aluminoxanesis^-- ^ 
cither insoluble or hardly soluble to: the suspension jQomprising 
the aluminoxane; the transition metal, compound;; -and-.theifine- 
particle carrier; to precipitate the aluniinoxane and itbe i:£ransit]on 
metal compound 'onto the xarrierdand: J'orra the -fine-partiGjei 1^ ^ 
carrier loaded with the aluminoxane -and ^the- tranytion jpicj^l - t 
compound. The aluminoxane and the transition metal e compound 
mayoalso'be precipitated : by adding the suspension comprising the 
aluminoxane; the transition metal r compound, and i^hc ;f}ne-particle 
earner to : the ^solvent -to which the aluminoxane : is cithernin^oluble 
or hardly soluble. The precipitation of the aluminoxane ^and/or 
the transition metal compound may also be promoted ]by ^ - . 
evaporating off the solvent used for dissolving the aluminoxane 
from- said mixed 'suspension. . r v * 



0314797 



-28- 

j^ In the step of contacting the suspension comprising the finc- 
particle.' carrier and the. solution of the alnminoxane and the 
transition -metal compound with the" solvent to which the ' 
aluminoxane is cither insoluble or hardly soluble, the solvent to 
lAvIiith'.the aluminoxancT is- cither insoluble or hardly, soluble may ' 
gfcnerally T be' ^ed^in 3i7^roportion in .' the range of from 10 to 
107000 mparts by -weight, preferably cfrom 100: to 1.000 parts by 
alight 'l>ascd^ on- lOOTrparts -by weightt.of the solution of the ; , 
alumiifftxahc-^and the: transitioft- metalri compound. ;The coptacff ,v 
treatmeht ^is generally carried nout-Iwith . agitation, .^t, ,a temperature 
^Oprfrotfi^-100«e ta-300fC,^ prefcrablyrlfrom -50«G to 100*»C,.and,- , 
moi^e preferably fromi -3 O^Cito/SO^QsTCT s ... V ,' - 

The solution of theq alumihoxaLnoirrand the transition- metal 
cbmpound prepared ^^atcleast from the- aluminoxane, -the- 
. - trahsitipnb metal r compo.unti^^f^hdp thei^olvcnt ^used f ©Undissolving 
thfcoklumihoxah'e ^^SJmentioried abovj&^urThc S(Juti^onum4yobe./ o. -i 
obtained^By^simplysmixingfEthese coriipounds, -or- ty r mixing these 
compounds- u^ndcr ^heafiBg^s cThecsqlvcnt^ Included i in ; the scJutipi? j 
ma^ genfcrallycbtf> fronK Ojti^toiSOjiTi^rs.Vpreferably ifrom:i)j2 to 10 
liters? iandB more ; iA^efenably3'fromx<)3'.tac2 liters per d graliiTatpra 
alflminum-in fthe aluminoxane. slc^u.v.a nbz-d - . z'.q: ccni 7 

-^-xln thebgoIution.'Tthec aluminoxane? and the transition .metal ; 
eompoarfd -niaytbe included ;iri: a ratio-fofqCOOpS to d, preferably 
0.001 -hy-0.t;=and niorerr pre fferably from 0.002 to 0.04,Qf^then:' ^ 
transition metalTCOmpound^cr 1 gram.;atom of aluminum in the 

-alUminoxahe.'^ni r-ciiiinETJ -t* - - ^n'-'-- \ ^-r^ 

od^ jn:: ij,^^ suspension^ of ''the fine-particle carrier dispersed in 
' thes'solution-' of the aluminoxane and the transition metal on • ' ' 
compound.'' the amount of the carrier is irom 1 to 500 g. 
preferably- from '>10^to i200 g. and more preferably from 20 to 100 
g per I liter of the: soliition'. ,1 

' The' contact treatmeht may generally be carried out with, 
agitation at a temperature of from -lOO^C to 300**C, preferably 
from -50 to 100'»C, and more preferably from -30 to 50°C. 
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(c) An olefin-polymeriiing ; solid catalyst may be prepared 
by contacting a suspension2pf -the fine-panicje carrier, disperse^ in 
the solvent to which the aluminoxanc is cither insoluble.. or, -h^dly 
solubl^;Nwit^.-the;:alpminqxane35olution t/a r form a ^uspen;5ion x>f an 
aluminoxancsJoadcid y jrinc^aiticlcc)<caxri^i.,and conta.cting,ct;hcr»?r.>i,. 
aluminoxang^oadedo icarricr th^ evolution . of the ^transition . , . ; . 

metal g^^nippupd ^tp forjn aTSpJid;.com^;ocnL v ^ . . ,o NrpJs'do 

Speci&cAllK, Ithc .plcfinj4JQljtHi«rang ^j^^^ IDAyofe^oo 
preparp^lj. fey oad(Ji;ig (jhc . ajpn^o^c . sj^udpn fo . .the. L«us{>fini»ji^w^uQf 
thp ffeerpartic^^d carrier dispffr^ft^ in.tpjithc.:so>ept tp^whi^hjctb^aiq 
aluminoj^^PxciSiiftith^r-insolaWenPr Jh^r^yfrSplu prcpip|tatfil r 

the al^nyji(Me^r\e:,(oj\fp:,4lierT^^-pa^tiplcT and^cfprmrf^n.i 
aluminoxanej-lqadp^hS.nerpajticlc^ caixien > and, contacting. :the-:,;.,,i.rT 
suspension tc^mpyi^ingrrthenLaluminoxaneTloadpd carrier; andyjtlj&To-v 
soly^tjjtp (^whjc^vidlip valiimi|ipxan<5! is. either insoIublcQpr jlja^Ilyomc 
soluble'Mth the (s61jitipn?^of*^eiito^ 

precipitate b^ejccatftjyst-cpjnppncpj transitipn loictal,irf:propouiidT3q 
onto thcfi aJjyjiWPA^nf^iload^ Camcr. . lEh^saluniinox^jie nj,ay also 
be pre<3p£tated.,*j fA^ing^i^e ^tepcnsion-^Oomprisipg -thftuf^ 
particle carrier ancl^th^ splA®nC)riOrwMcbl.rthftlaluniiaoxatie:asDc5tth^r 
•^nspIybleqor?har<llyq/solublejA?: the i.alunwjoxan^t) solution.- s'Ehe 
i<3lunaiflpxanei^>recipitalipnjfflay.rrfilso .J>efrprpi9pted ^by rievaporatingl 
3^ff th^(Splvejitd]usjedofor dissolYing; the}ialun>in,pxanfi (rpmggfud:,2afb 
muccd:i^u^pcnsion>ido /&m noiiL hnuoqmc. Is'-rr. ncisiznszi 
lainLfthcjt^usppnsion cpigprising the^ .fin^particle j carrier, and, 'n 
the solvent ijtOjfWhichntbe ialpnMnoxanesji^ieilh?;-: insoluble or-hftldly 
' 'soluble^ the :^amo;int pjf the^!<»^rier^ mayrigcneraJIy- be :ifrom . 1 , toc:50O 
ig, preferably from 10 200 g.-^-and -mpre .^re/crablyO from- 20 tpi^ 
100 g per 1 liter ofjrthe s0l.vent.j-fTbc.5tcp jof contacting the n£-s { 
suspension with: rthe^-aluminoxtine solution tnay^ generally be 
"cairiedrout with-agijtiation at-a; temperature, of jjfrom^ -1 00°G fto:) <d 
300°C/tpreferabIyif^pm -5O.*'Qi,tPf.i0O°G, and more/ pee ferahlyjEfrpm 
-30°C tPc50'*C; T In.ithis step*' thcitaniount. of the aluminoxane- c^L'Io^ 
j.solution may generally be in the-rangc of from.. 1 tp ; 1.000 patt$^l>y 
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weight, preferably from 10 to 100 parts by weight based-on ^100 - 
parts* by weight of the- suspension. n .v , t^aj 

The aluminoxane solution is prepared at least from thed-ic^ 
aluminokane" ind the solvent capable of disisolving the-^^^ - limt i£ 
alumirioxahe^'as mentioned above/ The aluminoxane -^soliitiori "may 
be obtained by simply inixingTwth compounds, or *y mixing ^ botli 
compounds uil^er 'h^a'tihg.o^^Thb sblvent inc^ in'Wc--^^ 
'iLlumiiibxjfdic solution may- igcncrally" be ^ fronl ^O.l. 'to ^0 ditcrsj^q^^q 
preferably from 0.^ to^^ 10 -liters, and mbrb preferably ^rbm- 03 to^ 
2 litani'^per^l ^grarir aWm -of ^aluminum In- ft^ 

IiT'lheisfep^'of contacting i^hc ^lu^riloxahc-loaded ifinc?-- 
particle Ifcarricjr rwith the^ solfition of the p-anisilion-m^ 
compound; thfe^ ^ transition mctaF compound may Ije^ used in an -.^-' - 
amount >of 010005^ to ni gram" atom, preferably ^dr^ ^0.001 td X).I'^^ 
gramOit6irt/<=>&ffd^^W^ gtim ' atonF^^ 

per * 1 Lfgf anpt^tom- ^)f alxirnifitilh ih ^ thC '^uminbrii-loa^fed ^t^^ 

^ This sf^^maty-gfenei^Slly carried but^^with^^glfatit^ri^atii omo 
temperaturcrfioftfrbfff^^SO'^G^td 200''C,^p^^^ fibm^^20?Cna 
100**C^iandBmoreTpreferibly-from -lO'^C^t^ SO^^C^^^ loaiLo tlzdjLq 

^tixc solution^ of nthfr ^ansitiori metal Cbmpob'^tfd Us ^prepared*^ 
least ^fr<rm^^e -trSnsiti'Otf qnetal compound 'and Uhc- solv^ent '^iscd J^or 
dissolving "thb triansitiori -metal compound as ^described- ^a The 
transition metal compound solution may be obtained^by ' simply 
mixing ^both ^compoundsV^or by ,mixing»^both borhpound?^ under 
heating ^ Thb i solvent ^included in'^thfe" solution f^of^ the transition 
'metal * compound ^ may ^generally be from 1 to 500^ litcfs; prc^fcrably 
from 2 to 200:liter^^^»and more preferably from 3i to 100 liters per - 
1 gram atom of the transition metal ^compound; ij^j i I T-q 3 0( : 

(d) An^ olcfin-polymcrinng solid^ catalyst ^may be ^pr^Jned" 
by contacting a^jsuspension- of the fine-particle ^carrier disperscd-^n 
the solvent to ~ which the aluminoxane is cither insoluble or -hardly 
soluble with the'^solution^ of the aluminoxane 'and' the group tVB"- 
transition metal connpound to precipitate the aluminoxane and the 
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transition metal compound onto the fine-particle carrier and form 
a Solid component- a* 

Specifically, the olefin-polymerizing solid catalyst may be . : 
prepared by ^adding the solutioric of ..the aluminoxane ■ and :the 
transition -metal to the -suspensionObf >the.Cfine-paiticlc carrier : f.. 
dispersed in ' tfie ^ solvent ' to which* the "'aluminoxane is: xither . j 
insoluble or hardly soluble to precipitate^ the alumin oxane : and the 
group ^VIB t^arisltioh'^ metal* '^t)mptittndi. fine-^particle 
carrier and produce i -finfc-particle* czmbB loaded with £the :^.t^ 
aluhiinbxanc knd the^JraaisitiOn metal 'catalyst. - The^ aluininoxarie 
and the transition- ^etal-compoun precipitated by^ 

adding^' the suspension jcomprising'^fthe fine-particle ^carrier and the 
solvenf 46 ^ v/hich' the aluminoxane ^is* cither^ insoluble ^or : hardly ^ . 
soluble to the' solution of^ the afuminoxane. >r:The precipitadon of '- 
the - aliiminoxane and/or the transition metal compound «iay also 
be - pronibted by ' cvaporatitfg'^f off-t'the solvent qirsed for dissolvings 
thte-lalumihoxkne^" arid^ th^ from said ^ 

mixed Susperisioh; S^'^^^- '^'--f>^gc^*^ ' ^ : :^ 

In the suspension comprising the: jRne-particle- carrier and -^ 
. the solvent tb^ Which tfie^^alilniinoxane -ts^^^ithc* insoluble or hardly 
sdlubleV'the" amo\int '6f 'the jcarri^r ^fhay generally be' from 1 to 300 
g, preferably -from 10 to' 200'^";- &nd^ motel preferably from 20 lo*i 
100 g per 1^ liter of the solvent^ TFhe^stdprbf c : 
suspension with^Vhe'^^oluti6n ^f^ the alurriiftbicane and^thc 
transition metal compound may ':generally^4>e ^aixied x>ui with ^ 
agitation' at a temperature' opffr6fii^^l00''C to <300?C/. preferably; ci 
from -SO^'C to lOO'^C; and tiiore preferably' from s^SO^C-to 50°C In 
this' step/ the^ambiiht ^of ' the 'solution* of the *^alUminoxinc and the 
transition metal compound^^ay generally ^be in the -range of from 
1 to i;000 parts by weighf^^and prefcrabTy^from 10 to 100 parts 
by weight based on 100 parts wcightrof "the suspension: -^'^ 

The solution of the Aluminoxane and ' the transition metal 
compound is prepared ''at least from the^laluminoxane, the ^ 
transition metal compound and ^ the solvent used for dissolving the 
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aluminoxanc as described above. The solution may, be obtained 
by simply mixing . these compounds, or by mixing these > 
compounds under heating.^^ The solvent included, in the solution^ 
may generally be fromrX),! ; to. 50 liters, .preferably frpm.-O^^ to. 1^^ 
liters, and more preferably :/rom 0.3 to 2 liters per 1 gram ^atom [of 
aluminum : in the^aluminoxane. : . l - iV ^r.j 

The: amoim t of : the i transition metal compound i in the/ soli^jion 
may generally beb front 0.O005 to I gram .atom, preferably fro?)^^ 
0.001. to yO,1 gram atom, and :more preferably from 0.002 , to ^ 0*Q,4s 
gram "atomoper 1 gram iatopinpfb the aluminum atom,; ^ ^^^i ^ \\ Lns 
( r :vT This step ( ContactingMtpayn generally fCarried^gut ^with ni^bs 
agitationiat-a:temperature:fx>f fi:omi-50''C-,to. 200''G.- preferably, jE^x^ 
-20?C .to a Op^X:.q and .more preferably fromV-lO^^C to SO^C^r . r-ioe 
<}>\^ ^e solveijts which, rare- Q^pable ofiKlissolving^f^e-group^IVp, 
transition^imetal 'l6omp6undbinclbdq^: arQrn^ticjrhydr,ocarb^^ 
as ^i)enzen^^ tolucne^o.cthyli^cpzenpiv propyJ[benzcn 
and xylene, and halogen-containing hydrocarbons- .-such^ag boxim 
chlorobenzcncr \ andiqdiqhlorQethanchq rr; 3 nc f> n*;T? 1/2 ^rii rl 
V. The Solvents ito^iVihic*! -the cgroup JVB] transitioji ifictaJo^ 
• compound ;isl eithcrilinjolublfc.pr hardly solq^lc iftclude^^aliphati^^ 
hydrocarbons vSucb jlasapentapei rihexane, dccane, ^dodecanCf^i^^ 3 
kcrosin, andi alicyclic ' hy.d^oc^fbons such^ asj cyclphp^^ane.^n _ 001 
The :solvcntSr,whi.ch litre capable. of; dissolving the noian^qeue 
aluminoxanc dnciu'cje,- aromatic- hydrocarbons^, such ^as^r^^cnzene^^-j, 
toluene, .cthylbenzcne, propylbenzene, but^lbenzeije,^ ^^njcylfn^g. 

' The solvenls to v/hich_the aluminoxanc is either insolublc^pr 
hardly soluble i7include.nliricar;3/an,d branched ;aliphatic hydrocarj^qns^ 
such as pcntane,? hexane, ^d^c^ne^ dodecan^^^ kcxosin, xnzr.r^i 
cyclohexane, and alicyclip, hydrocarbons, .^such as cyclohexancrjj \ 
norbornane, -and cthylcyclohexanc. ' : . ^ ; ^ ^ /d 

The solveixt to which , the aluminoxanc is either insoluble or 
hardly soluble mayr preferably have a higher boiling point tljian^ 
-the solvent used for dissolving the aluminoxanc. - - m, i ::i 
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Thc solid catalyst component -(A') prepared by the processes 
as set forth above ^ may contaiTi ,ihe,,ttansidon jpe^^^^ ip 
an amount of from 0.5 ^o 500 mg -atoiiis^ jjgefef^^bly from L. to 200 
mg -atoms, and more pref era Wjh f?;orn, ,3^10 5Q iRg atoms ' c?iculated 
as transition metal.atoi?i per IQQog'opf theijfui<^-paiticlp Carrier. 
The catalyst-component, (B)ifn\ay3,pc«\5fgui^ ;the.,.^^ j^i^ an 'Z 

ampuntjvpf from ;5 to SO.OOjO ^f^ias^^pTcfc^^y hom^^^ 
10,000 -mg^atomsf and i5)qrp,.pr?ferabfy fronioJOp ,to ^JSoO.^^g '"^^^ 
atoms calculated .as naluminurp,{a)ton^;pc?^;l6pofi of, thc'OTgaiIjc,^rmer 
particle icarricrvi In the gpjid 4jaj^Jyf$f^_mp9;^cm (A3j,^e.^atpmic" 
ratio (AJ/M) y of the transitipn , m^^jp;, aluminyjm may , be from . 1 , to 
1,000, pre/crablyqfron),^^.2tO;60p,"'.jarulnWPrc^^^ fronii j^sl to " 

SOOipand^jthe raverage particle odiamet?f may,i)c, from 5. to 200 jun, 
preferably .from 10 to 150,iini. _and: inore rprefei^ably ifrom. 20 to 

snThCnrangc iS:£ener^nye|roQi {^tOg 1, m^^ prefer^bly^ fron^ 

(0jl^toi),6.mol. b..,oumoo it: l nirrr:j I, on.^jo srf, f _ (S,. i.-ino- ^1 

'1ihej;-polymeii2atipjii^rpp^ss<jpf(5the rpje^f^l inycnfioi^Tis. 
effective for preparing, ap pi?fin„pply^r^ mtiRl'MWc^^yU^^.n 
polymerj and Tan cthylepe-^)o}efija3cC^iB9lyn7eFKjmExan)pl(5s^ 
i.olefins; which .can beapolynj^fizedfibynfheap.^ialj'^i pfj^c present" r^, 
invention^ include a-olefins?,having 2>^p..2p.^c^J)pn. atoms, - such as, 
ethylene. -.Tpropy lene, .v43..^i«?n:e, ^,1 -he^qne^^ .4,qmjjt]iyl:l jpentepe. . Jit 
octene, ll-deccne, • 1-dodecenei, ln{etrft4e<jenj^j,3l:rhexadecene; , 1- , ^ 
faoctadecene.-.TlTeicocene. xCtc.^ A^mpng r«hcse,- UiCcprcseiit invention is 
suitable:: rf or polymerizing: ^ethylcpe. bproCppoJy^neri ethylene. - . 
with'.an a-olefm havingv^ ,to JQ:4:^bonoa^tqi9s. .^ ' , 

^ In an olefin polymerizatipn ^aopording^(^0| the. present 
invention, olefins are polymerized by a gas-phase polymerizatio^Ti 
or a liquid-phase polymerization . such as ?pluiTy polymerization. 
In th& -slurry polymerization, cither an.jjnertfih^drocarbon ,or the 
olefin itself may be used-as , a^splvent. ^ -. .laq^n-^, noh_ hs a 
Illustrative hydrocarbon mediaj.aren aliphatic ^hydrocarbons' 
such as butane, isobutane, pentane, hexane, octane, decane. 
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dodccane, hexadccane, ociadecane. etc.; alicyclic hydrocarbons 
such as cyclopcntane, 'rtethylcyclopentanc, cyclohexanc, • ' 3k 
cyclooctanc, etc.; aind petroleum cuts such as kcrosine, gas oiU'^ctc^e 
' The amount of the transition metal compound used in "the 3*^, 
liquid-phase polyifnerizatibh including the slurry polymerisation 
or the Igas-phaSe 'poly mfcrization according to the present method T 
may generally be in 'the- range of 10^8 to 10-2 gram "atoms/liter; " 
and priferablj' ^10^7^ to 10-3 gram atoms/liter as a concentration* Q)T 
the- transitioii metal atom -iiJ^'Hie"' polymerization system! j.rj cr:u )e 
' The -amoufit of ^thc "alumfnoxane used in the liquid-phasc jOtl 
gas-phase* pblymerizatr6n''-accbrding~to' t^^ invehtibh'' miyr 

gc\ieraliy~ be up to 6 '?ng •'atdni^teF;pf)referablr-l'p to £^3^ tag? / 'i \ I 
atoms/litef,' more -preferably rrbm G^Or' to'^ mg atoms/liter? arid c 
mos't preferably from O Ol'to - 1 "mg atom/liter.- The ratio of'^-^ ' ' q 
aluminum atoms contained in the aluminoxanc component ^B) to i 
the ^'suirf^-'bf 'the Aluminum ^ afonis coritaincd^ift 3ihc alutAlnoJtlne 
component (B) and the organoalominum compound compbAenf (G) 
may gc'nei^ly be' fK>h^32D t6' 95%.^^arid"prerera^^^^ 92%. 
ThcT' j^Ub"^of kluminuW atofiis ' 'bbntiaiined in the the q ^ol s /r.'oalla 
orgalioalbnSihulm cSmpdOfid.^ebinponbnt (C^^ the sumtof the:- ioq 
alumina^ atbr^'S cb^fdWed^inYthc ^iiminbxane compdhent ' (B) ' and 
thfe o'rganoaluminum^-cbmpoiihd^ component '(C) - may-' fgencrally ^be; 
from-5^'to 80%'/ arid 'prefei-ably"' from 8 to 60%. Jn thcjiprocessi .fiJ^ 
according "to '^he^ ''l)reseht3iri>^eritioni the" ratio ^bf the sum of the Jco 
aluriimum 'atbrits~'contained in "tte^ aluminoxanc component" (B) 3and 
the^ orgarioalumiririm Xc^b'mpound component^ (C) fo tKfe 'tfknsitSD'riJ? 
metal atoms in the rfeactiori ^^stcm may generally bc" from 20 Uo 
10,000, preferably frbrri 40 ^o'^^ 5,000, and more preferably 'from 
60 to 2,000. • -r- • '1 .^r i : /n; 

' When the process of the present invention is carried but by 
a liquid -phase - polymcrifation such as slurry - polymerization, the 
polymerization temperature iriay generally be in the range of:5io 
from -50°C to 120"C,'and preferably from 0°C to 100*C. 
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When the process of the present inve/ition is carried out 
by a gas-phase polymerization, the polymerization temperature 
may generally be in. the rang,e of from O'C to 120°C, and 
prejferably from 20*>C^ to"lb6'^c' v V . , 

Thc^ olefin ' §Iymerization^^ g^nefally be earned out " 
under a pressure of standard ^e?^^^^^^^^^^ - 
preferably from. Z^to' 50; kg/cmj Kr k^fch method, semi- 
continuous methc^;;wi^o„'{iSu^SS^'"^^^ ^ 

more steps corresponding '\l 'dSSrent 'rlac^iori^ conditTc^s. - ^ 

When the slurry polymerization or the "gas-phase ' 
polymerization is employed herein, a preliminary polymerization 
of the olefin may preferably be carried out prior to the olefin 
polymenzation under the presence of above-mentioned catalyst 
In the preliminary polymerization, from 1 to 1. 000 g, preferably 5 
to 500 g. and more preferably frofn 10 to 200'g of the olefin is 
polymerized per 1 gram atom of the transition metal component 
namely the catalyst component (A). Examples of the olefins used 
for the prchmmary polymerization besides ethylene include d- 
olefins having 3 to 20 carbon atoms such as propylene. 1-butene 
4-methyl-l-pentene. I-hexcne, 1-octenc. 1-decene. 1-dodecene ' 
1-tetradecene. Ethylene is preferred. 

The preliminary polymerization may be carried out at a 
temperature of from -20«C to TO-C, preferably from -10°C to 60°C. 
and more preferably from 0°C to 50''C. 

The preliminary polymerization may be carried out either 
by a batch method or by a continuous method, and either under 
an atmospheric pressure or under an elevated pressure. 

The preliminary polymerization may be carried out under 
the presence of a molecular weight modifier such as hydrogen 
The molecular weight modifier may preferably be used in an 
amount sufficient to prepare a preliminarily polymerized product 
having an mtnnsic viscosity n of at least 0.2 dl/g. and preferably 
from 0.5 to 20 dl/g^ 
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The preliminary polymerization may ' be carried out without 
using any solvent or in an inert hydrocarbon medium, and 
preferably in an inert hydrocarbon medium. The , inert 
hydrocarbon medium used in the preliminary polymerization may 
be selected from the above-described solvents to which the 
aluminoxane is either insoluble" or ^hardly soluble. 

In the preliminary polymerization, the catalyst^ ' ^ 
concentration within the reaction system may generally be 'in the^ 
ranee of from 10-6 to 1" gram '^atom/titer, arid preferably from 10-4 
to 10-2 gram atom/liter. 
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[EXAMPLE] 



The present invention is hereinafter illustratively described 
by referring to the examples. ' ■ - 



[Preparation of 'methyyumi'nok'an^^^ - . 

A 400 ml flask equipped with an' agitktW'' W^s''TuIly ^purged 
with nitrogen and charged with 37 g of Al2(S04)3.14H20 and 125 
ipl^of toliiene. and cooled to QOC. To this:^iftittonr-i25'-^V4'oiucne 
solution containing ' 50" mf triAieihS^lTiurtiiii8m^ ''^a:s^' added ^ 
dropwise in- T hdur.'^' The ^sblJtiSn "^"a'i'JS^^^^^^ 'l?ea^ted to' 

40°C in 2 hours, and reacted at this tenni>eWure ■■f6r^40' hoaVs^ 
After the reaction, solid was removed by filtration, and low- 
boiling contents were removed from the filtrate by means of an 
evaporator. Toluene was added to the remaining viscous solution 
to obtain the methylaluminoxane as a toluene solution. 

Thc^molecular weighr determm^^^^^ in benzene 

was 888. Accordingly, the degree of polymerization of this 
aluminoxane was 15. 

Example 1 

A I liter glass reactor fully purged with nitrogen was 
charged with 350 ml of toluene and 150 ml of 4-methyl-l- 
pentene. To the reaction system, 0.38 mmol of 
diisobutylaluminum methoxide, 0.75 mmol calculated as Al atom 
of the methylaluminoxane in toluene, and 0.0025 mmol calculated 
as Zr atom of biscyclopentadienylzirconium dichloride in toluene 
was respectively added while ethylene was introduced at a rate 
of 155 Nl/hr. The reaction solution was adjusted to a 
temperature of 20°C by means of an ice water. When 5 minutes 
had passed after the addition of biscyclopentadienylzirconium 
dichloride. about 5 ml of methanol was added to stop the 
polymerization. The resulting polymer was thoroughly dried, and 
the yield was measured to be 14.8 g. 
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Examples 2-4 

The procedure of Example 1 was repeated except for that 
0.38 mmol diisobutylaluminum metlioxidc employed in Example 
I was replaced by the compounds shown in Table 1. The results 
are also shown in Table 1. ' 



Comparative^ Example 1 

The procedure of Example 1 was repeated except for that' 
the use of diisobutylaluminuDQ mcthoxide^was omitted. The 
results are shown in Table 1. , , , . 
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Example 5 

[Preparation of solid catalyst]^ 

To a 300 ml pressure-reducable reactor equipped with an 
agitator, 67 ml of toluene solution containing 100 mmol calcuTated 
as aluminum atom of said methylaluminoxane was added, and 
100 ml of purified n-decane was then gradually added for about 
0.5 hour at room temperature with agitation to precipitate the 
methylaluminoxane. The reactor was evacuated to a pressure of 
4 torr by means of a vacuum pump while the temperature of the 
reactor was gradually elevated to 35''C in about 3 hours to 
remove toluene within the reactor and further precipitate the 
methylaluminoxane. The reaction solution was filtered to remove 
the liquid-phase portion. The thus obtained solid portion was 
further suspended in n-decane, to which 5 ml toluene solution 
containing 0.2 mmol biscyclopentadienylzirconium dichloride was 
added. After stirring at room temperature for about 1 hour, the 
reaction solution was subjected to a filtration to remove liquid- 
phase portion and obtain an olefin-polymerizing solid catalyst. 

The thus obtained solid catalyst had a Zr content of 0.6% by 
weight, Al content of 47% by weight, and average catalyst- 
particle diameter measured by microscope observation of about 
30 ^im. 

[Preliminary polymerization] ^) 

To a 400 ml reactor equipped with an agitator, 100 ml of 
purified n-decane, 50 mmol of diisobutylaluminum methoxide, 
and 0.1 mmol calculated as Zr of said solid catalyst was added 
under nitrogen atmosphere. Ethylene was introduced into the 
reaction system at a rate of 4 Nl/hr for 1 hour, while the 
temperature was kept at 20*'C. After completing the ethylene 
introduction, the reaction system was purged with nitrogen, 
washed once with purified hexane, and further suspended in 
hexane and stored in a catalyst bottle. 
[Polymerization] 



-4 ] - 

An autoclave having an -internal volume of 2 liters was fullv 
purged with nitrogen and charged with a -dlspersant^of 250 g 
sodium chloride. The autoclave was evacuated with a vacuum • 
pump to an internal pressure of 50 mmHg or less at an elevated 
temperature of 90°C for 2 hours. The autoclave was cooled to a 
temperature of 75°C. purged with ethylene, and charged with 
0.005 mmol calculated as zirconium atom of the preliminarily 
treated solid catalyst component. The autoclave was sealed and 
then charged with 50 Nml of hydrogen, and the internal pressure 
was then elevated to 8 kg/cm2G with ethylene. The agitation 
speed was increased to 300 rpm and the polymerization was 
carried out at 80°C for 1 hour. 

After completing the polymerization, the polymer and the 
sodium chloride within the autoclave were all taken out and 
introduced into about 1 liter of water. After 5 minutes of 
agitation, substantially all of the sodium chloride dissolved in 
water, and only the polymer was floating on the water. The 
floating polymer was recovered, thoroughly washed with 
methanol, and dried overnight at BO'^C under reduced pressure. 
The results are shown in Table 2. 

Compar ative Fx ample 2 

The procedure of Example 5 was repeated except for that 
diisobutylaluminum methoxide was not employed. The results 
are shown in Table 2. 

Example fi 

The procedure of Example 5 was repeated except for that 
diisobutylaluminum methoxide was replaced by isoBu2AlPOSiEt2. 
The results are shown in Table 2. 
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Table 2 



Polymerization 
Example activity, gPE/mMZr 

5 yvrce^^^*-^ 21,700 

6 iBu^Y^ros.^ 18,900 
2* v-^^xJ^ 13,300 

* comparative example 



MFI, Apparent Bulk 

dg/min density, g /ml 

1,1 0.45 

2.1 0.45 

6.2 0.45 



Example 7 

[Preparation of solid catalyst loaded on a carrier] 

To a 300 ml pressure-reducable reactor equipped with an 
agitator, 67 ml of toluene solution containing 100 mmol calculated 
as aluminum atom of said methylaluminoxane and 4 g of powder 
polyethylene having an average particle diameter of 35 jim 
(trade name Mibelon®, manufactured by Mitsui Petrochemical 
Industries Ltd.) were added. Reaction system was kept at room 
temperature and 100 ml of purified n-decane was gradually 
added in about 0.5 hour with agitation to precipitate the 
methylaluminoxane. The reactor was then evacuated to a 
pressure of 4 torr by means of a vacuum pump while the 
temperature of the reactor was gradually elevated to 45°C in 
about 3 hours to remove toluene within the reactor and further 
precipitate the methylaluminoxane. The reaction solution was 
filtered to remove the liquid-phase portion. The thus obtained 
solid portion was further suspended in n-decane, to which 5 ml 
toluene solution containing 0.24 mmol biscyclopentadienyl- 
zirconium dichloride was added. After stirring at room 
temperature for about 1 hour, the reactor was evacuated to about 
4 torr for 30 minutes at room temperature to remove toluene. To 
the suspension, 10 mmol of diisobutylaluminum methoxide was 
added and stirred for 60 minutes at room temperature. The 
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reaction solution was cooled to -20°C, and filtered to obtain an 
olefin-polymerizing solid catalyst. 

The thus obtained solid catalyst had a Zr content per 100 g ' 
can-ier polyethylene of 10 mmol, Al content per 100 g carrier 
polyethylene of 2.2 mol. and average catalyst-particle diameter 
measured by microscope observation of about 40 |im. 
[Preliminary polymerization] 

To a 400 ml reactor equipped with an agitator, 100 ml of 
purified n-decane and 0.1 mmol calculated as Zr of said solid 
catalyst was added under nitrogen atmosphere. Ethylene was 
mtroduced into the reaction system at a rate of 4 Nl/hr for 1 
hour, while the temperature was kept at 20°C. After completing 
the ethylene introduction, the reaction system was purged with^ 
nitrogen, washed once with purified hexane, and further 
suspended in hexane and stored in a catalyst bottle. 
[Polymerization] 

An autoclave having an internal volume of 2 liters was fully 
purged with nitrogen and charged with a dispersant of 250 g 
sodium chloride. The autoclave was evacuated with a vacuum 
pump to an internal pressure of 50 mmHg or less at an elevated 
temperature of 90°C for 2 hours. The autoclave was cooled to a 
temperature of 75°C, purged with ethylene, and charged with 
0.005 mmol calculated as zirconium atom of the preliminarily 
treated solid catalyst component. The autoclave was sealed and 
then charged with 50 Nml of hydrogen, and the internal pressure 
was then elevated to 8 kg/cm2G with ethylene. The agitation 
speed was increased to 300 rpm and the polymerization was 
carried out at 80°C for 1 hour. 

After completing the polymerization, the polymer and the 
sodium chloride within the autoclave were all taken out and 
introduced into about 1 liter of water. After 5 minutes of 
agitation, substantially all of the sodium chloride dissolved in 
water, and only the polymer was floating on the water. The 
floating polymer was recovered, thoroughly washed with 
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methanol, and dried overnight at 80°C under reduced pressurp. 
The resulting polymer had an yield of 103 g, MFR of 3.4 dg/mirt, 
and apparent bulk density of 0.45 g/ml. 
Comparative Example 3 

The procedure of Example 7 was repeated except for that 
diisobutylaluminum methoxide was not employed. The results 
are shown in Table 3. 

Example 8 

[Preparation of solid catalyst loaded on a carrier] 

To a 300 ml pressure-reducable reactor equipped with an 
agitator. 67 ml of toluene solution containing 100 mmol calculated 
as Al atom of said methylaluminoxane and 4 g of powder 
polyethylene having an average particle diameter of 35 |xm 
(trade name Mibelon®, manufactured by Mitsui Petrochemical 
Industries Ltd.) were added. Reaction system was kept at room 
temperature and 100 ml of purified n-decane was gradually 
added in about 0.5 hour with agitation to precipitate the 
methylaluminoxane. The reactor was then evacuated to a 
pressure of 4 torr by means of a vacuum pump while the 
temperature of the reactor was gradually elevated to 45°C in 
about 3 hours to remove toluene within the reactor and further 
precipitate the methylaluminoxane. The reaction solution was 
filtered to remove the liquid-phase portion. The thus obtained 
solid portion was further suspended in n-decane, to which 5 ml 
toluene solution containing 0.24 mmol biscyclopentadienyl- 
zirconium dichloride was added. After stirring at room 
temperature for about 1 hour, the reactor was evacuated to about 
4 torr for 30 minutes at room temperature to remove toluene. 
The suspension was filtered to obtain an olefin-polymerizing solid 
catalyst. 

The thus obtained solid catalyst had a Zr content per 100 g 
carrier polyethylene of 10 mmol, Al content per 100 g carrier 
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polyethylene of 1.9 mol. and average catalyst-particle diameter 
measured by microscope observation of about 40 ^m. 
[Preliminary polymerization] 

To a 400 ml reactor equipped with an agitator, 100 ml of 
purified n-decane. 50 mmol of diisobutylaluminum methoxide, 
and 0.1 mmol calculated as Zr of said solid catalyst was added' 
under nitrogen atmosphere. Ethylene was introduced into the 
reaction system at a rate of 4 Nl/hr for 1 hour, while the 
temperature was kept at 20°C. After completing the ethylene 
mtroduction. the reaction system was purged with nitrogen, 
washed once with purified hexane, and further suspended in 
hexane and stored in a catalyst bottle. 
[Polymerization] 

^ Ethylene was polymerized in a similar manner as Example 



Compara tive Kxample 4 

The procedure of Example 8 was repeated except for that 
diisobutylaluminum methoxide was not employed. The results 
are shown in Table 3. 

Example Q 

[Preparation of solid catalyst loaded on a carrier] 

To a 300 ml pressure-reducable reactor equipped with an 
agitator, 67 ml of toluene solution containing 100 mmol calculated 
as Al atom of said methylaluminoxane and 2 g of siJica which had 
been calcined at 500°C for 12 hours (#952. prepared by Devison 
K.K.) were added. Reaction system was kept at room temperature 
and 100 ml of purified n-decane was gradually added in about 
0.5 hour with agitation to precipitate the methylaluminoxane. 
The reactor was then evacuated to a pressure of 4 ton by means 
of a vacuum pump while the temperature of the reactor was 
gradually elevated to 35°C in about 3 hours to remove toluene 
within the reactor and further precipitate the 
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methylaluminoxane. The reaction solution was filtered to remove 
the liquid-phase portion. The thus obtained solid portion was, 
further suspended in n-decanc, to which 5 ml toluene solution 
containing 0.2 mmol biscyclopentadienylzirconium dichloride was 
added. After stirring at room temperature for about 1 hour, 
liquid-phase portion was removed to obtain an olefin- 
polymerizing solid catalyst. 

The thus obtained solid catalyst had a Zr content per 100 g 
carrier polyethylene of 7 mmol, Al content per 100 g carrier 
polyethylene of 2.4 mol, and average catalyst-particle diameter 
measured by microscope observation of about 40 jim. 

The preliminary polymerization and the solventless- 
polymerization of ethylene were carried 'out in a similar manner 
as Example 2. The results are shown in Table 3. 

Comparative Example 5 

The procedure of Example 9 was repeated except for that 
diisobutylaluminum methoxide was not employed. The results 
are shown in Table 3. 



Table 3 



Polymerization 
Example activitv, gPE/mMZr 
r7 20,600 



3* 14300 

"8 21,300 

4* 14,300 

9 19,700 

5* 13;200 



La* 



MFI, 
dg/min 


Apparent bulk 
density, p/ml 


1.4 


0.45 


3.3 


0.45 


1.1 


0.46 


3.3 


0.45 


1.7 


0.45 


6.2 


0.46 



comparative example 



03147 



•-4 7- 

[Preparation of aluminoxane] • 

A 400 ml flask was fully purged with nitrogen and charged 
with 37 g of Al2(S04)3-14H20 and 125 ml of toluene, and cooled ^o 
0°C. To this solution, 500 mmol trimethylaluminum diluted with 
125 ml toluene solution was added dropwise. The solution was 
then heated to 40°C and allowed to react for 10 hours at this 
temperature. After the reaction, solid was removed by filtration 
and toluene was further removed from the filtrate to give 13 g of 
aluminoxane as a white solid. 

The molecular weight determined by cryoscopy in benzene 
was 930. Accordingly, the value of m in the catalyst componerit 
(B) was 14. 
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Example 10 

[Preparation of solid catalyst loaded on a carrier] 

To a 200 ml flask fully purged with nitrogen, 52 g of sili'ca 
having average particle diameter of 70 jim, specific surface area 
of 260 m2/g, and pore volume of 1.65 cm3/g which had been 
calcined for 5 hours, 26 ml of toluene solution of 
dimethylaluminum monochloride (Al, 1 mol/liter). and 50 ml of 
toluene were added and heated at 80°C for 2 hours. Solid portion 
was separated by filtration to obtain catalyst component. The 
thus obtained catalyst component was transferred into 50 ml of 
toluene, and 43 ml toluene solution of biscyclopentadienyl- 
zirconium dichloride (Zr, 0.04 molAiter) which is a catalyst 
component was added thereto. The reaction mixture was heated 
at SO'C for 1 hour and subjected to a filtration. To the thus 
obtained solid ponion, 19.6 ml toluene solution of aluminoxane 
(Al, 1.03 mol/liter) and 80 ml of toluene was added and the 
mixture was agitated for 30 minutes at room temperature. The 
mixture was further agitated for 30 minutes at room 
temperature. Toluene was removed at room temperature by 
means of an evaporator to give a solid catalyst having Zr content 
of 0.08% by weight and Al content of 10% by weight. 

The preliminary polymerization and the catalyst-free 
polymerization of ethylene was carried out in a similar manner as 
Example 8 except for that the scale of the preliminary 
polymerization was reduced to one half of the Example 8. 

Comparative Example 6 

The procedure of Example 10 was repeated except for thai 
diisobutylalumiBum methoxide was not employed. The results 
are shown in Table 4. 



Example 1 1 

[Preparation of solid catalyst loaded on a carrier] 
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A 400 ml pressure-reducable reactoi" equipped uith an 
agitator was fully purged with nitrogen. In this reactor, 50 ml 
toluene solution containing 2 mmol aluminoxane was added to' a 
suspension comprising 5 g of silica (#952, manufactured by 
Devison K.K.) calcined at 800°C for 12 hours and 100 ml of toluene 
at room temperature. The mixed solution was heated to 50°C 
and allowed to react for 2 hours at this temperature. When the 
reaction had ceased, liquid portion was removed from the 
reaction solution by filtration. The solid residue was suspended 
m 100 ml toluene, and 9.4 ml toluene containing 0.38 mmol 
biscyclopeniadienylzirconium dichloride was added to the 
suspension at 25°C. The reaction was allowed to continue at this 
temperature for 2 hours with agitation. When the reaction had 
ceased, liquid portion was removed from the suspension by 
filtration, and the solid residue was washed twice with toluene to 
give the solid catalyst component (A') which had zirconium 
loading weight of 0.6% by weight. To a 2 g portion of the thus 
obtamed solid catalyst component (A*), 47 ml toluene solution of 
aluminoxane (Al. 1.03 mol/liter) and 50 ml toluene was added 
and agitation was continued at room temperature for 30 minutes. 
Toluene was then removed from the reaction system at room 
temperature by means of an evaporator to give the aluminoxane- 
loaded solid component. 

The preliminary polymerization and the solventless 
polymerization was then carried out in a manner similar to 
Example 8. The results are shown in Table 4. 

Compara tive Fxamp lp 7 

The procedure of Example 5 was repeated except for that 
diisobutylaluminum methoxide was not used. The results are 
shown in Table 2. 



Example, 17 
Preparation of 



solid ca talyst component (A') 



I 
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A 400 ml pressure-reducable reactor, equipped with an 
agitator was fully purged with nitrogen. In this reactor, a mixed 
suspension comprising 3 g of silica (#952. manufactured by • 
Devison K.K.) which had been calcined at 800»C for 12 hours and 
50 ml of trichlorosilane were reacted at 50°C for 2 hours wrth 
agitation. When the reaction had ceased, liquid portion was 
removed from the reaction solution by filtration. The solid 
residue was suspended in 50 ml toluene, and 300 ml toluene 
containing 15 mmol biscyclopentadienylzirconium dichlonde was 
added to the suspension at 25^C. The reaction was allowed to 
continue at 50°C for 2 hours with agitation. When the reaction 
had ceased, liquid portion was removed from the suspension by 
filtration, and the solid residue was washed twice with toluene to 
give the solid catalyst component (A") which had zirconium 
loading weight of 1.2% by weight. To a 1 g portion of the thus 
obtained solid catalyst component (A'). 47 ml toluene solution of 
aluminoxane (Al. 1.03 molAiter) and 50 ml toluene were added 
and agitation was continued at room temperature for 30 minutes. 
Toluene was then removed fiom the reaction system at room 
temperature by means of an evaporator to give the aluminoxane- 

loaded solid component. 

The preliminary polymerization and the solventless 
polymerization was then carried out in a manner similar to 
Example 8. The results are shown in Table 4. 

rom parat iv^ Fxample 8 

The procedure of Example 12 was repeated except for that 
diisobutylaluminum methoxide was not used. The results are 
shown in Table 4. 



-5 1- 
Table 4 



Polymerization 
Example activity. gPE/mMZr 



MH, 
dg/min 



Apparent bulk 
density. g/m1 



rlO 7,200 

L 6* 3,400 

11 7,100 
7* 4,100 

12 5,100 
8* 2,200 



0.8 
3.2 
1.7 
6.3 
1.8 
3.6 



0.39 
0.38 
0.42 
0.42 
0.41 
0.41 



* 



comparative example 



Example 13 

The procedure of Example 8 was repeated to prepare a solid 
catalyst loaded on a carrier except for that the amount of the 
methylaluminoxane used was changed from 100 mmol to 30 
mmol, and the amount of the diisobutylaluminum methoxide 
added during the preliminary polymerization was changed from 
50 mmol to 15 mmol. The preliminary polymerization and the 
solventless polymerization of ethylene were also carried out in a 
similar manner as Example 8. The results are shown in Table 5. 

Comparative Example 9 

The procedure of Example 13 was repeated except for that 
diisobutylaluminum methoxide was not used. Th^ results are 
shown in Table 5. 

Example 14 

The procedure of Example 13 was repeated except for that 
diisobutylaluminum methoxide was replaced with (isoBu)2Al-0- 



SiEt3. 



The results are shown in Table 5. 
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Comparative Example 10 

The procedure of Example 14 was repeated except for. that 
(isoBu)2Al-0-SiEt3 was not used. The results are shown in Table 
5. 



Table 5 





Polymerization 


MFI, 


Apparent bulk 


Example 


activity, pPE/mMZr 


dg/min 


density, g/ml 


13 


7,100 


1.4 


0.45 


9* 


2,700 


6.7 


0.45 


14 


6,800 


1.1 


0.45 


10* 


2,700 


6.7 


0.45 



■119^ 



♦ comparative example 
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INDUSTRTAT: APPLICABnJTY 

The first embodiment of the present invention is directed to 
a novel catalyst and a process for polymerizing an olefin by using 
such a catalyst, which enables a production of a homopolymer 
having a narrow molecular-weight distribution as well as a 
copolym.er having a narrow composition distribution at a high 
polymerization activity, even when the amount of aluminoxane 
included in the catalyst is significantly reduced, by making use of 
synergic effects of aluminoxane and organoaluminum compound. 

By utilizing the catalyst and the process for polymerizing 
the olefin by using such a catalyst according to the second 
embodiment of the present invention, a production of a polymer 
and copolymer has been enabled which has a high bulk density 
and uniform particle size with little powdery- product as well as 
the above-described advantages. 



CLAIM 



1. A process for polymerizing an olefin wherein the olefin is 
polymerized or copolymerized under the presence of a catalyst 
prepared from 

(A) a transition-metal compound, said transition metal being 
selected from group IVB in the periodic table. 

(B) an aluminoxane, and 

(C) an organoaluminum compound represented by the 
general formula [I] or [II]: 

RlniAI(OR2)3-na HI 
R3nAl(OSiR43)3.n 

wherein Ri, R2, and R3 are selected from hydrocarbon radicals, R4 
is selected from the group consisting of hydrocarbon, alkoxy, and 
aryloxy radicals, and m and n are positive numbers of 0<m<3 and 
0<n<3. 

2. The process according to claim 1 wherein said group IVB 
transition-metal compound (A) is at least one compound selected 
from zirconium, titanium and hafnium compounds having a ligand 
including conjugated n electron. 

3. A catalyst prepared from 

(A) a transition-metal compound, said transition metal bemg 
selected from group IVB in the periodic table, 

(B) an aluminoxane, and 

(C) an organoaluminum compound represented by the 
general formula [I] or [11]: 

Rln,Al(OR2)3.n, [I] 



-'5 5.- 

R3nAl(OSiR43)3-n ' [U] 



wherein Ri, R2, and R3 are selected from hydrocarbon radicals, R4 
is selected from the group consisting of hydrocarbon, alkoxy, and 
aryloxy radicals, and m and n are positive numbers of 0<m<3 and 
0<n<3. 

4. The process according to claim 3 wherein said group IVB 
transition-metal compound (A) is at least one compound selected 
from zirconium, titanium and hafnium compounds having a ligand 
including conjugated n electron. 

5. A process for polymerizing an olefin wherein the olefin is 
polymerized or copolymerized under the presence of a catalyst 
prepared from 

(A') a transition-metal compound loaded on a fine-particle 
carrier, said transition metal being selected from group IVB in the 
periodic table, 

(B) an aluminoxane, and 

(C) an organoaluminum compound represented by the 
general formula [I] or [II]: 

Ri^Al(OR2)3.n, [I] 

R3j,Al(OSiR43)3.^ [n] 

wherein Ri, R2, and R3 are selected from hydrocarbon radicals, R4 
is selected from the group consisting of hydrocarbon, alkoxy, and 
aryloxy radicals, and m and n are positive numbers of 0<m<3 and 
0<n<3. 

6. The process according to claim 5 wherein said fine-particle 
carrier is subjected to a preliminary contact treatment prior to the 
loading of the group IVB transition-metal compound. 
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7. The process according to claim 5 wherein said group IVB 
transition-metal compound is at least one compound selected ftom 
zirconium, titanium and hafnium compounds having a ligand 
including conjugated n electron. 

8. A catalyst for polymerizing an olefin wherein the olefin is 
polymerized or copolymerized under the presence of a catalyst 

prepared from 

(A') a transition-metal compound loaded on a fine-particle 
carrier, said transition metal being selected from group IVB in the 
periodic table, 

(B) an aluminoxane, and 

(C) an organoaluminum compound represented by the 
general formula [I] or [II]: 

Rin,Al(OR2)3.n, [I] 

R3nAl(OSiR43)3.n ["] 

wherein Ri, R2, and R3 are selected from hydrocarbon radicals. R^ 
is selected from the group consisting of hydrocarbon, alkoxy. and 
aryloxy radicals, and m and n are positive numbers of 0<m<3 and 
0<n<3. 

9. The process according to claim 5 wherein -said fine-particle 
carrier is subjected to a preliminary contact treatment prior to the 
loading of the group IVB transition-metal compound. 

10. The process according to claim 5 wherein said group IVB 
transition-metal compound is at least one compound selected from 
zirconium, titanium and hafnium compounds having a ligand 
including conjugated n electron. 
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